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Abstract 
In the latest IPCC report (2014) it was estimated that since the mid-20th century, the number of cold days and nights has 
decreased and the number of warm days and nights has increased in large parts of Europe. Some recent analyses have found that 
mean summer maximum temperature change over Europe was +1.6 ± 0.4°C during 1880 to 2005. It seems that human influence 
has contributed to the observed global scale changes in the frequency and intensity of daily temperature extreme. The objective
of this work was to identify spatial variations of the seasonal and annual extreme temperature variability and trends over 
Romania in the period 1985-2014. Starting with a large climatological database (30 years of daily data for 29 locations from 
Romania), daily minimum, maximum and amplitude temperature data were condensed into normal probability functions for 
which the assumption of normal distribution was accepted by the Shapiro-Wilk statistical test. These functions were then used to
calculate the appearance probability of annual and monthly temperatures values. Temperatures which appear with different 
probabilities all year long were computed with "NORMDIST" function from Microsoft Office Excel. Based on these values data 
thematic maps were generated with isolines drawn by geo-statistical interpolation (kriging method of Surfer®, Golden Software, 
2012). Comparing the increasing trend per decade expressed by probabilities, we found that the minimum temperature had almost 
the same rate (21.6% in a decade) as the maximum ones (21.0% in a decade) and mean daily temperature amplitude remained 
unchanged from 1985 to 2014. We identified the presence of an increased variability of annual mean temperature trends between 
the different climatological stations. It was noted that the level of statistical significance of maximum and minimum temperature 
linear trends per decade was low during winter, spring and autumn. But this level of significance was very high for June, July and 
August months. 
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Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest. 
Keywords: minimum and maximum temperature; amplitude; trends 
* Corresponding author. Tel.: +4-024-827-8066; fax: +4-024-827-8477 
E-mail address: emilchitu@gmail.com 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest
430   Emil Chitu et al. /  Agriculture and Agricultural Science Procedia  6 ( 2015 )  429 – 437 
1. Introduction 
In the IPCC report (2014) it was estimated that since the mid-20th century, the number of cold days and nights 
has decreased and the number of warm days and nights has increased in large parts of Europe. Some recent analyses 
have found that mean summer maximum temperature change over Europe was +1.6 ± 0.4°C during 1880 to 2005. 
Sandu et al. (2010) showed that at the level of 1901-2008 period, analysis of the values of the annual mean air 
temperature from a total of 17 meteorological stations with consecutive series of observations over 100 years, shows 
that the annual mean temperature increased by 0.5°C between 1988-2008 (10.1°C) over the whole period analyzed 
(9.6°C), a value which is below the global average warming of 0.6°C. 
According to IPCC 2012 report ‘Managing the Risks of Extreme Events and Disasters to Advance Climate 
Change Adaptation’ (A Special Report of Working Groups I and II of the IPCC), it is very likely that there has been 
an overall decrease in the number of cold days and nights and an overall increase in the number of warm days and 
nights at the global scale, that is, for most land areas with sufficient data. This applies to regions including southern 
Europe and the Mediterranean region, central Europe, central North America, Central America and Mexico, 
northeast Brazil, and southern Africa. 
Barriopedro et al. (2011) showed that the anomalously warm summers of 2003 in western and central Europe and 
2010 in Eastern Europe and Russia both broke the 500-year long seasonal temperature record over 50% of Europe. 
More recent analyses available since the AR4 include a global study (for annual extremes) by Brown et al (2008) 
based on the data set from Caesar et al (2006), and regional studies for central and Eastern Europe (Bartholy 
andPongracz 2007; Kürbis et al. 2009). An example of recent extreme heat wave includes the 2007 heat wave in 
southeastern Europe (Foundaand Giannakopoulos 2009). Overall, these studies are consistent with the assessment of 
an increase in warm days and nights and a reduction in cold days and nights on the global basis, although they do not 
necessarily consider trends in all four variables, and a few single studies report trends that are not statistically 
significant or even trends opposite to the global tendencies in some extremes, sub regions, seasons, or decades. 
2. Research Methods 
In this study, we used a large database collected by the National Meteorological Administration Bucharest which 
consists of daily minimum and maximum temperatures of the air (2 m from the ground) during 1985-2014 from 29 
stations, evenly distributed throughout Romania. In the study we assumed that the average of the 29 stations is 
representative for Romania. 
To highlight the temporal thermal variability over the past 30 years, represented by annual and monthly averages 
of the 29 stations, but also its spatial deviations, the data was statistically processed using specialized programs 
SPSS 14.0 and Microsoft Excel Office. To determine the intensity, duration, form and character of thermal variation, 
we selected as a time for analysis, year and month and as spatial variation Romania and 29 stations. 
These data sets have undergone the same steps of analysis: for each simple strings of values (maximum 
temperature (MAXT), minimum temperature (MINT) and mean daily temperature amplitude (MDTA)) were 
considered: the central tendency by average, median and mode and dispersion indicators were represented by 
extreme values (absolute minimum and maximum), maximum amplitude of variation, standard deviation, skewness, 
kurtosis, histogram and normality of data distribution was checked with Shapiro-Wilk and Kolmogorov-Smirnov 
statistical tests. When the normality hypothesis was accepted, the probability with NORMDIST function from 
Microsoft Office Excel was computed. 
In the case of two-dimensional strings (temperature - year of study), simple correlation coefficients and linear 
regression of datasets were determined (Y = a + bx equation, where ‘Y’ was successively MAXT, MINT and MDTA 
and ‘x’ year of study) and were compared with the non-linear (curvilinear) equations. Linear trend of average 
temperatures increasing over 10 years was computed from the regression coefficient (b) of the linear equation, 
multiplied by 10 years. For plotting on maps the linear trend of average temperatures increasing over 10 years, we 
used geostatistical kriging interpolation module of the Surfer 9.0® (Golden Software, 2009) software. 
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3. Results and Discussion 
3.1. Dynamics of the annual mean temperatures in Romania. 
Central tendency and dispersion indicators of the 30 annual values of temperature are presented in Table 1. Mean 
values during 1985-2014 were: for MAXT 16.02°C, 5.54°C for MINT and for MDTA 10.48°C, maximum range 
being 3.10°C, 3.11°C and 2.22°C for the same temperatures. 
Histograms are very similar to the normal distribution, by Kolmogorov-Smirnov and Shapiro-Wilk tests 
normality hypothesis being accepted (Table 2). 
Figures 1 and 2 show the dynamics of the three climatic indicators expressed in degrees Celsius and as 
probabilities. We selected the presentation as NORMDIST probabilities calculated from MS Office Excel, because it 
enables us to compare the three temperature dynamics between them. It is noted that in the case of MINT, linear 
correlation is stronger (R2 = 0.4456***), versus MAXT (R2 = 0.3621***) but very significant in both cases. We can 
conclude that 44.6% of the MINT values oscillation during 1985-2014 was due to the time variable and for MAXT 
only 36.2%. In contrast, the increasing rate of MAXT was higher (0.63°C) in a decade versus 0.54°C for MINT. If 
we compare the growth rate per decade but expressed by probabilities, we see that MINT had almost the same rate 
(21.6% per decade) with MAXT (21.0% per decade). In all cases MDTA remained unchanged from 1985 to 2014.   
Table 1. Central tendency and dispersion of the annual means of air temperature during 1985-2014 (average values of 29 stations)
Maximum temperature (°C) Minimum temperature(°C) Mean daily temperature amplitude (°C) 
Number of 
values
Valid 30 30 30 
Missing 0 0 0
Mean 16.0253 5.5397 10.4857 
Median 16.0400(a) 5.4950(a) 10.5100(a) 
Mode 14.350(b) 3.700(b) 10.580(b) 
Std. Deviation 0.91946 0.70608 0.51428 
Skewness -0.164 -0.369 0.348 
Kurtosis -1.007 0.176 0.138 
Range 3.140 3.110 2.220 
Minimum 14.35 3.700 9.470 
Maximum 17.49 6.810 11.690 
(a) Calculated from grouped data; (b). Multiple modes exist. The smallest value is shown. 
Table 2. Normality tests for the annual mean of air temperatures distributions (average for 29 stations) 
Kolmogorov-Smirnov(a) Shapiro-Wilk 
Statistic df Sig. Statistic df Sig.
Maximum temperature (°C) 0.121 30 0.200(*) 0.957 30 0.254 
Minimum temperature (°C) 0.098 30 0.200(*) 0.976 30 0.705 
Mean daily temperature amplitude (°C) 0.084 30 0.200(*) 0.982 30 0.873 
(*) This is a lower bound of the true significance; (a) Lilliefors Significance Correction. 
3.2. Dynamics of the annual mean temperatures for the 29 stations 
Table 3 and Figure 3 show the variation of the 870 annual averages for the 29 stations in the 30 years analyzed for 
each temperature separately. MAXT intensely varied between 11.15 and 19.70°C, MINT between -2.13 and 10.18°C 
and MDTA between 6.41 and 15.43°C.  
Analyzing histograms (fig. 3) which present the distribution of classes of absolute frequencies, we noted the large 
positive kurtosis for MINT (1.886) and lower for MDTA (0.787). 
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Figure 1. Dynamics of the annual means of air temperature during 
1985-2014 (average of 29 stations)
Figure 2. Probability to register annual mean values of the maximum, 
minimum and daily amplitude temperatures (means of the 29 stations), 
equals or lower than the ones accomplished during 1985-2014
Table 3 and Figure 3 show the variation of the 870 annual averages for the 29 stations in the 30 years analyzed 
for each temperature separately. MAXT intensely varied between 11.15 and 19.70°C, MINT between -2.13 and 
10.18°C and MDTA between 6.41 and 15.43°C. Analyzing histograms (fig. 3) which present the distribution of 
classes of absolute frequencies, we noted the large positive kurtosis for MINT (1.886) and lower for MDTA (0.787). 
Positive kurtosis shows that the observations cluster more and have longer tails than those in the normal 
distribution. Also skewness had high negative values for MINT (-0.912) and MDTA (-0.549), which means that 
these have long left tails (appear very small values compared to the means). In these cases normality is rejected by 
both statistical tests. By computing correlations and linear regressions of the 3 temperatures and time resulted 
indicators from Table 4. The determination coefficients of linear equations (R2) being compared with those of 
curvilinear equations (logarithmic, power, polynomial and exponential) found that in no event approximation 
growth did not exceed 5%.  
In Table 4 an important oscillation between studied stations was revealed. From the beginning, we noticed that 
there was a greater dependence of the time factor with MINT versus MAXT, expressed by much higher values of 
the determination coefficient (R2), even if the mean significance level (sig.) is weaker. On the other hand, the mean 
growth trend over 10 years of TMAX (0.63°C) were higher than of TMIN, 0.54°C (regression coefficient of 
equation (Y = a + bx) - b multiplied by 10 years).  
Table 3.Central tendency and dispersion of the annual means of air temperature for each of 29 stations, during 1985-2014 (30 years multiplied by 
29 stations)
Maximum temperature (°C) Minimum temperature (°C) Mean dailytemperature amplitude (°C) 
Number of values Valid 870 870 870 
Missing 0 0 0
Mean 16.0251 5.5397 10.4853 
Median 16.1625(a) 5.7900(a) 10.6000(a) 
Mode 15.760 5.770(b) 10.840 
Standard deviation 1.58581 1.91991 1.45433 
Skewness -0.390 -0.912 -0.549 
Kurtosis -0.167 1.886 0.787 
Range 8.550 12.310 9.020 
Minimum 11.150 -2.130 6.410 
Maximum 19.700 10.180 15.430 
a) Calculated from grouped data; (b) Multiple modes exist. The smallest value is shown. 
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Thus, MAXT increased significantly in all areas except Buzau (R2 = 6.9% and an increase of only 0.28°C per 
decade) and Alexandria (R2 = 7.9% and an increase of only 0.30°C per decade). 
The largest increasing rate of MAXT was recorded in Bistrita with 1.04°C per decade and R2 = 62.5% and in Cluj 
and Baia Mare with 0.83°C per decade and R2 of 49.9% and 50.9% respectively (Figure 4). 
Regarding MINT in many stations the increase is evident and very well statistically assured. The highest 
increasing rate over 0.8°C per decade was recorded in Targu Jiu station, Galati, and in Bistrita. There are also two 
stations where MINT has stagnated: Baneasa-Bucharest and Sfantu Gheorghe Delta. In these stations MDTA 
increased significantly over the last 30 years with 0.26°C per decade in the first case and with 0.74°C in the second, 
but an increasing trend can be mentioned for TarguMures, Baia Mare and Bacau too. In other stations MDTA 
remained almost unchanged. 
3.3. Spatial variation of the linear trends of annual temperature means 
The maximum amplitude of spatial variation was lower for MAXT (0.76°C per decade) and much higher for 
MINT (0.93°C per decade) and MDTA (1.16°C per decade) for the 29 climatological stations. Histograms are 
symmetric and Kolmogorov-Smirnov and Shapiro-Wilk normality tests accepted the normality assumption. 
Figures 4 and 5 are maps made by geostatistical kriging interpolation using the program Surfer 9.0 (Golden 
Software). They delimit areas with linear trends per decade for MAXT and MINT of equal intensity. It was noted 
the existence of areas with increased heating rate, both in center and especially in northern part of Romania (Bistrita, 
Baia Mare and Cluj stations). For the south and south-western part of Romania, the situation was different: although 
MINT (Figure 5) increased rapidly, MAXT and MDTA remained low. As o result of MAXT and MINT linear 
trends variations on the same space, there were identified two main areas of significant increase of mean daily 
temperature amplitudes, one centered on TarguMures and Baia Mare and the other on Bacau. 
Figure 3. Histograms of the annual mean temperatures of 29 stations during 1985-2014 
3.4. The dynamics of the monthly means linear trends per decade for Romania 
Starting with table 5, the analysis of temperature variations has been done at the level of month (12 months x 30 
years of study). The information presented in this table is very important because it gives us the time of year where 
MAXT and MINT increased significantly. It was noted that in general, the levels of significance of maximum and 
minimum temperature linear trends per decade were low during winter, spring and autumn. But this level of 
significance was very high (between 0.05 and 0.001) for June, July and August months. In this period, the degree of 
statistical assurance of MINT trends was higher (sig. less than 0.013) than of MAXT (sig. between 0.004 and 0.056). 
MDTA trends were not statistically assured for any month of the year. In summer time, MINT growth was 
determined by time variable in percentages between 20.2% in July and 37.3% in August and MAXT between 12.7% 
in August and 26.3% in June. 
The increasing rate for June was 0.83°C per decade for MAXT (R2 = 0.263**) and 0.52°C per decade for MINT 
(R2 = 0.285**). 
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For July the increasing trend per decade was lower than the previous month, 0.72°C per decade for MAXT, but 
higher, of 0.56°C per decade for MINT, but weaker statistically assured. For the month of August the increasing 
trend was the smallest of the summer months for MAXT (0.67°C per decade) and weaker statistically assured (p İ
0.056). For MINT the trend was the highest of the summer with 0.61°C per decade and the best statistically assured 
(R2 = 0.373***).  
However, the highest growth rate of both the maximum temperature and minimum one, was recorded in the last 
30 years in November, the trend being statistically assured (R2 = 0.177**, and 1.28°C per decade for MAXT and R2
= 0.137* and 0.95°C per decade for MINT). 
Table 4.Linear regression equations indicators, which expresses the dynamics of annual means of air temperatures during 1982-2011
(determination coefficient – R2, significance level – sig., and average trend per decade)
Station Maximum temperature (°C) Minimum temperature (°C) Mean daily temp. amplitude (°C) 
R2
(%) 
Sig. Mean trend in 
10 years (°C) 
R2
(%) 
Sig. Mean trend in 10 
years (°C) 
R2 (%) Sig. Mean trend in 10 
years (°C) 
Alexandria 7.9 0.133 0.30 59.4 0.000 0.73 19.2 0.016 -0.42 
Bacau 29.4 0.002 0.70 17.0 0.023 0.36 14.4 0.039 0.34 
Baia Mare 50.9 0.000 0.83 30.3 0.002 0.44 26.8 0.003 0.38 
Bistrita 62.5 0.000 1.04 52.8 0.000 0.79 11.1 0.072 0.25 
Brasov 33.4 0.001 0.61 32.5 0.001 0.46 3.2 0.341 0.15 
Buc. Baneasa 21.4 0.010 0.48 9.3 0.101 0.23 8.5 0.119 0.26 
Buzau 6.9 0.160 0.28 49.0 0.000 0.63 18.5 0.018 -0.35 
Caransebes 37.8 0.000 0.67 49.0 0.000 0.58 1.7 0.487 0.09 
Calarasi 23.4 0.007 0.54 39.2 0.000 0.52 0.1 0.876 0.02 
Cluj 49.5 0.000 0.83 44.6 0.000 0.57 16.8 0.025 0.27 
Constanta 39.6 0.000 0.67 51.5 0.000 0.71 1.1 0.584 -0.04 
Craiova 15.2 0.033 0.41 34.9 0.001 0.43 0.2 0.831 -0.03 
Deva 41.4 0.000 0.66 29.7 0.002 0.39 13.3 0.047 0.27 
Drobeta Tr. Severin 13.7 0.044 0.37 45.8 0.000 0.52 4.3 0.272 -0.15 
Galati 29.2 0.002 0.68 59.5 0.000 0.83 6.1 0.188 -0.15 
Grivita 16.3 0.027 0.46 44.7 0.000 0.55 1.3 0.545 -0.09 
Iasi 28.4 0.002 0.71 25.0 0.005 0.46 13.3 0.048 0.25 
MiercureaCiuc 43.2 0.000 0.66 15.0 0.034 0.34 12.6 0.054 0.32 
Oradea 37.9 0.000 0.72 44.7 0.000 0.7 0.1 0.897 0.02 
Pitesti 38.3 0.000 0.71 53.9 0.000 0.56 3.8 0.299 0.15 
Rm. Valcea 45.6 0.000 0.81 43.3 0.000 0.5 14.5 0.038 0.30 
Sf. Gheorghe Delta 38.4 0.000 0.68 0.1 0.846 -0.07 17.6 0.021 0.74 
Sibiu 39.6 0.000 0.68 53.5 0.000 0.72 0.3 0.788 -0.04 
Siria 34.0 0.001 0.68 45.1 0.000 0.66 0.2 0.834 0.02 
Suceava 21.7 0.009 0.55 39.7 0.000 0.63 1.5 0.516 -0.08 
Tecuci 18.3 0.018 0.51 41.0 0.000 0.58 0.8 0.647 -0.07 
Tg. Jiu 26.0 0.004 0.48 64.8 0.000 0.86 16.4 0.027 -0.37 
Tg. Mures 47.9 0.000 0.79 20.8 0.011 0.37 29.2 0.002 0.42 
Timisoara 40.3 0.000 0.71 39.6 0.000 0.5 9.9 0.090 0.21 
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4. Conclusions and Recommendations 
There were characterized the increasing trends of annual and monthly maximum, minimum and daily amplitudes 
of the air temperatures, of the last 30 years in Romania and of the 29 studied climatological stations. 
Figure 4. Distribution of the annual means of maximum temperature trends per decade in Romania (1985-2014) 
Figure 5. Distribution of the annual means of minimum temperature trends per decade in Romania (1985-2014) 
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Table 5. Linear regression equations indicators, which expresses the dynamics of monthly means of air temperatures during 1985-2014 
(determination coefficient – R2, significance level – sig., and average trend per decade)
Month Maximum temperature (°C) Minimum temperature (°C) Mean daily temp. amplitude (°C) 
R2
(%) 




Sig. Mean trend in 10 
years (°C) 
R2 (%) Sig. Mean trend in 10 
years (°C) 
January 2.4 0.417 0.40 3.6 0.314 0.51 1.1 0.582 -0.11 
February 1.1 0.578 0.41 3.7 0.309 0.69 4.5 0.259 -0.28 
March 8.4 0.120 0.94 5.1 0.230 0.50 8.6 0.116 0.44 
April 6.3 0.181 0.52 6.0 0.192 0.35 2.4 0.418 0.17 
May 9.3 0.101 0.62 10.1 0.087 0.38 3.6 0.318 0.23 
June 26.3 0.004 0.83 28.5 0.002 0.52 8.1 0.127 0.30 
July 17.7 0.021 0.72 20.2 0.013 0.56 2.0 0.458 0.16 
August 12.4 0.056 0.67 37.3 0.000 0.61 0.2 0.833 0.06 
September 2.3 0.426 0.36 12.0 0.060 0.47 0.4 0.737 -0.11 
October 6.5 0.173 0.42 13.5 0.046 0.52 0.6 0.685 -0.10 
November 17.7 0.020 1.28 13.7 0.044 0.95 9.8 0.092 0.33 
December 2.6 0.399 0.38 2.4 0.416 0.38 0.0 0.996 0.00 
In terms of annual means for Romania were found that, in the case of MINT, linear correlation is stronger (R2 = 
0.4456***), versus MAXT (R2 = 0.3621***), but very significant in both cases. We can conclude that 44.6% of the 
MINT values oscillation during 1985-2014 was due to the time variable and for MAXT only 36.2%. In contrast, the 
increasing rate of MAXT was higher (0.63°C) in a decade versus 0.54°C for MINT. If we compare the growth rate 
per decade but expressed by probabilities, on can see that MINT had almost the same rate (21.6% per decade) with 
MAXT (21.0% per decade). In all cases MDTA remained unchanged from 1985 to 2014.  
Considering the stations means, MAXT increased significantly in all areas of the country, except Buzau (only 
0.28°C per decade) and Alexandria (only 0.30°C per decade). The largest increasing rate of MAXT was recorded in 
Bistrita with 1.04°C per decade and in Cluj and Baia Mare with 0.83°C per decade. 
Regarding MINT in many stations the increase is evident and very well statistically assured. The highest 
increasing rate over 0.8°C per decade was recorded in Targu Jiu station, Galati, and in Bistrita. There are also two 
stations where MINT has stagnated: Baneasa-Bucharest and Sfantu Gheorghe Delta. In these stations MDTA 
increased significantly over the last 30 years, but an increasing trend can be mentioned for TarguMures, Baia Mare 
and Bacau too. In other stations MDTA remained almost unchanged. 
In general, the levels of significance of maximum and minimum temperature linear trends per decade were low 
during winter, spring and autumn. But this level of significance was very high (between 0.05 and 0.001) for June, 
July and August months. In this period, the degree of statistical assurance of MINT trends was higher than of 
MAXT. MDTA trends were not statistically assured for any month of the year. In summer time, MINT growth was 
determined by time variable in percentages between 20.2% in July and 37.3% in August and MAXT between 12.7% 
in August and 26.3% in June. 
However, the highest growth rate of both the maximum temperature and minimum one, was recorded in the last 
30 years in November, the trend being statistically assured (R2 = 0.177**, and 1.28°C per decade for MAXT and R2
= 0.137* and 0.95°C per decade for MINT). 
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